Mammals perform a multitude of well-coordinated orofacial behaviors such as breathing, sniffing, chewing, licking, swallowing, vocalizing, and in rodents, whisking. The coordination of these actions must occur without fault to prevent fatal blockages of the airway. Deciphering the neuronal circuitry that controls even a single action requires understanding the integration of sensory feedback and executive commands. A far greater challenge is to understand the coordination of multiple actions. Here, we focus on brainstem circuits that drive rhythmic orofacial actions. We discuss three neural computational mechanisms that may enable circuits for different actions to operate without interfering with each other. We conclude with proposed experimental programs for delineating the neural control principles that have evolved to coordinate orofacial behaviors.
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Neural control of the mammalian face and mouth It has long been postulated that there is a hierarchical control structure for motor acts in the nervous system [1, 2] . Individual motor actions or primitives [3] can be executed singly or arranged in nested groups to form more complex behaviors. The nature of the interactions among the neural circuits that generate these actions and behaviors has been a topic of long-standing interest to neuroscientists. Interactions between different actions are unavoidable in the mammalian face and mouth, which contain sophisticated motor plants that serve a variety of basic physiological functions. These functions include breathing, nutrient ingestion, active sensation, and communication. Effective breathing, for example, requires orofacial movements that maintain upper airway patency [4] , whereas nutrient ingestion requires chewing, licking, lapping, suckling, and swallowing. Sensory exploration also involves licking and chewing for taste, as well as fast breathing, or sniffing, for smell. In rodents, whisking of the mystacial vibrissae is used for touch [5, 6] . In humans and some other mammalian species, specialized orofacial movements produce vocalizations or speech. These actions, which are central to mammalian life, must be coordinated with a high degree of precision to prevent blockages of the airway and other maladaptive interactions. For example, the feeding process (eating, drinking, and swallowing) involves spatiotemporally coordinated activities of more than 26 pairs of muscles and five cranial nerves to ensure proper breakdown of food, transfer of food or liquid bolus, and safe swallowing [7] . Consistent with the notion that such precise coordination represents a computationally demanding function of the nervous system, defects in orofacial coordination are prominent symptoms of many neurological and neurodegenerative diseases. In Parkinson's disease for example, impaired coordination of breathing and swallowing contributes to dysphagia (e.g., difficulty in swallowing) and respiratory impairment [8, 9] , which form the leading cause of aspiration pneumonia and death in these patients [10] .
How does the nervous system coordinate the activities of different orofacial actions such as chewing, swallowing, and breathing? To answer this question it is first important to note that many mammalian orofacial behaviors involve periodic, or rhythmic movement. In fact rhythmicity characterizes some of the most basic, evolutionarily conserved types of movements, such as respiration, digestion, and many forms of locomotion. Considerable insight into the general problem of coordination among different rhythmic movements is addressed in the pioneering work of von Holst, which surveys the different types of coordinated fin movements in swimming teleost fish [11] . Like swimming, basic rhythmic orofacial movements are thought to depend on the presence of central pattern generators (CPGs), which could be implemented by small networks of neurons in the brainstem. In this review, we evaluate evidence for three possible mechanisms by which coordination both within and among orofacial actions can occur: (i) local interactions between potentially co-active circuits (CPGs) ensure their coordination; (ii) a central executive command system arbitrates the execution and amplitude of different actions; and (iii) peripheral feedback ensures the appropriate timing between different muscle groups (Figure 1) . We believe studies of the brainstem may teach us general lessons about how nervous
